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SUMMARY 


Suppressive  struetures  are  designed  to  remain  intaei  under  blast  loads  from  internal 
explosions  and  are  intended  to  attenuate  the  blast  waves  whicli  emanate  froift  them,  lliere- 
I'ore.  reasonable  estimates  must  be  made  of  short  and  long  duration  internal  blast  loads  in 
these  vented  structures,  and  of  the  degree  of  blast  attenuation  for  various  vent  panel  designs. 

I his  report  covers  past  an.dytical  and  experimental  studies  m explosion  venting,  and 
siimmari/es  much  of  the  recent  blast  loading  work  in  the  suppressive  structures  program. 

Sc.ding  laws  are  brieny  reviewed,  as  is  the  concept  of  an  effective  vent  area  ratio.  Curve  l:ts 
to  external  blast  overpressures  and  impulses  are  given  tor  a variety  of  vent  pane'  designs,  in- 
cluding nested  angles,  perforated  plates,  zees,  louvres,  and  interlocking  l-bean.s. 

Internal  blast  loads  consist  of  initial  and  several  Mibsequent  reflected  shocks,  tollowed 
by  a much  longer  blowilown  or  ipiasi-static  pressure.  Curves  are  given  lor  prediction  ot  the 
initial  rellected  wave  overpressure  and  impulse,  fhei'iies  lor  the  blowdown  phase  are  dis- 
cussetl.  followeil  by  presentation  ol  curves  forscaleil  peak  bU>wdown  pressure  and  iiurali(’n. 
ctimputer  code  for  predictiem  of  inirapanel  pressures  during  the  blowdown  phase  is  described. 

This  report  is  a reprint  ol  a paper  given  at  the  4<>th  Shock  and  Vibration  Symp<isium. 

San  Ihego,  California.  October  l‘>75. 
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BLAST  PRESSURES  INSIDE  AND  OUTSIDE 
SUPPRESSIVE  STRUCTURES 


1.  INTRODUCTION 

Hazards  produced  by  accidental  explosions  within  facilities  that  contain  and  process 
high  explosives  have  concerned  safety  engineers  for  many  years.  The  most  obvious  way  to 
reduce  the  '.lazards  is  to  separate  such  facilities  as  far  apart  as  possible  to  avoid  the  potential 
for  propagation  of  an  explosion.  Another  method  is  to  use  partial  confinement  walls  and 
cubicles  to  direct  and  control  the  output  from  an  accidental  explosion.  To  further  reduce  the 
required  spacing  between  high  explosives  facilities  the  U.S.  Aniiy  under  its  plant  modernization 
program  is  developing  uniformly  vented  suppressive  structures  which  will  significantly  reduce 
or  suppress  the  external  blast  overpressures,  the  fragment  hazard  and  the  thermal  effects.  The 
suppressive  structures  tested  to  date  have  been  rectangular  enclosures  consisting  of  a main  frame 
with  puiltilayered  vented  panels  making  up  the  sides  and  roof.  The  technology  for  vented  sup- 
pressive structures  has  not  yet  reached  the  stage  where  the  design  is  a straightforward  process. 
Consequently,  development  programs  supported  by  the  Edgewood  Arsenal  are  being  conducted 
to  develop  this  technology  so  that  suppressive  structures  can  be  routinely  applied  to  explosive 
processing  operations  to  better  protect  personnel  and  adjoining  facilities  while  reducing  the 
safety  distance  required  between  them. 

The  loading  from  an  explosive  charge  detonated  within  a vented  or  unvented  structure 
consists  of  two  almost  distinct  phases.  The  first  phase  is  that  of  refiected  blast  loading.  It 
consists  of  the  initial  high  pressure,  short  duration  refiected  wave,  plus  perhaps  several  later 
reflected  pulses  arriving  at  times  closely  approximated  by  twice  tlie  average  time  of  arrival 
at  the  chamber  walls.  The.se  later  pulses  are  attenuated  in  amplitude  because  of  irreversible 
thermodynamic  process,  and  they  may  be  vcr>'  complex  in  waveform  because  of  the  complexity 
of  the  refiection  process  within  the  structure,  whether  vented  or  unvented.  If  the  structure  has 
solid  walls,  the  blast  loading  can  be  estimated  by  using  sources  of  compiled  blast  data  for 
normally  refiected  blast  pressures  and  impulses  such  as  References  1 and  2,  and  the  well-known 
Hopkinson’s  blast  scaling  law  (see  Chapter  3 of  Reference  3).  The  effect  of  vented  areas  in  the 
suppressive  structures  on  reduction  of  the  refiected  blast  loading  can  be  very  complex,  and 
will  not  be  addressed  in  detail  in  this  paper. 

As  the  blast  waves  reflect  and  re-reflect  within  the  structure  and  as  unburned  detonation 
products  combine  with  the  available  oxygen,  a quasi-static  or  gas  pressure  rise  occurs  and  the 
second  phase  of  loading  takes  place.  Measurements  of  this  pressure  rise  and  its  duration  have 
been  made  by  various  investigators  prior  to  the  suppressive  structures  program  using  chambers 
having  a single  opening  for  venting.  Work  has  also  been  conducti'd  to  develop  a theory  for 
predicting  time  histories  of  pressures  in  vented  structures.  Howe.er,  from  the  present  program, 
data  are  now  also  available  from  structures  uniformly  vented  through  the  sides  and  roof.  From 
ail  of  the  above  data  one  obtains  the  answer  that  for  the  particular  ratios  of  vent  area  to  chamber 
volume  tested,  the  venting  has  no  effect  on  the  peak  quasi-static  pre.ssure.  Thus,  peak  quasi-static 
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pressures  for  unvented  or  poorly  vented  structures  are  the  same.  Unfortunately,  essentially 
no  data  exist  for  quasi-static  pressures  within  well-vented  structures  and  the  crucial  question 
of  the  actual  maximum  gas  pressure  rise  within  such  chambers  remains  unanswered.  We  must 
at  present  use  the  unvented  pressure  rise  for  design  purposes.  An  important  point  that  needs 
to  be  made  is  that,  although  quasi-static  pressure  measurements  have  been  made  in  various 
vented  and  unvented  structures,  the  determination  of  the  peak  value  is  subject  to  interpretation 
because  the  reflected  pressures  are  also  present  on  the  data  records.  Because  suppressiv . struc- 
tures consist  of  multi-layered  walls,  how  the  quasi-static  pressure  loads  each  layer  is  also  of 
interest  to  the  designer.  At  this  time  no  data  are  available  for  these  intrapanel  pressures.  How- 
ever as  part  of  this  program  a computer  program  has  been  developed  to  predict  these  pressures. 
When  experimental  .'laJa  become  available,  its  accuracy  can  be  assessed. 

In  addition  to  determining  the  retlected  blast  loading  and  the  quasi-static  gas  pressure  rise 
and  decay  which  are  needed  in  designing  these  structures,  the  amount  of  venting  required  to 
reduce  the  blast  pressures  outside  to  a desired  level  must  be  estimated.  Using  limited  data. 
Baker  et  al‘*  generated  a method  of  correlating  emitted  blast  waves  from  suppressive  structures 
and  comparing  them  to  free-field  blast  data  to  determine  the  degree  of  blast  attenuation.  Since 
a suppressive  structures  is  made  up  of  .several  vented  layers,  this  method  introduced  an  effective 
vent  area  ratio,  aj..  which  can  be  computed  fora  variety  of  combinations  of  vented  elements 
in  a suppressive  structure.  In  References  5 and  6.  more  and  better  blast  pressure  data  are  now 
available  and  we  have  updated  the  equations  for  predicting  the  reduction  m overpre.ssure  over 
a considerable  range  of  distances  outside  the  structure.  Also,  good  external  side-on  impulse 
measurements  were  made  by  Schumacher  and  Ewing'  so  that  the  reduction  in  Impulse  can 
also  be  predicted. 


II.  SCALING 


A.  Blast  Waves 

The  scaling  of  properties  of  blast  waves  from  various  explosive  sources  is  a common  pro- 
cedure and  most  blast  data  are  reported  in  scaled  parameters  from  the  Hopkinson-Cranz  or 
Sachs’  scaling  laws.  These  laws,  and  others  used  in  blast  technology,  are  derived  and  discussed 
in  detail  in  Chapter  3 of  Reference  3.  Blast  waves  fiom  explosions  in  the  op  m are  affected 
by  weight  h'  (or  total  energy)  of  the  explosive,  distance  R from  the  center  of  the  explosive, 
geometry  and  energy  density  of  the  explosive  source,  and  ambient  atmo.spheric  conditions 
such  as  pressure/;,,  and  sound  velocity  Foj  charges  of  different  total  energy  but  .same 
type  and  geometry  detonated  under  the  same  ambient  conditions,  ihe  Hopkinson-Cranz 
scaling  law  applies.  It  predicts"’  that  side-on  or  retlected  overpressures,  and  scaled  side-on 
or  retlected  impulses,  are  functions  of  Hopkinson-scaled  distance,  i.e.. 

Ps  =/i  ’) 


Pr  =/2  im’'  ’) 


« 


iUW''^)=h  {R!W''^) 


(1) 


(If  ambient  conditions  differ  between  one  experiment  or  analysis  and  another,  another  scaling  i 

law  must  apply.  The  law  usually  used  in  this  case  is  Sachs’  Law^ ). 

Suppressive  structures  are  intended  to  attenuate  the  blast  waves  from  accidental  e.xplosions 
by  retlecting  the  initial  waves  striking  their  inner  surfaces,  and  venting  the  gas  pre.ssures  behind 
the  shock  fronts  at  a relatively  slow  rate.  In  attempting  to  scale  the  properties  of  the  waves 
emanating  from  the.se  structures,  one  must  include  parameters  which  describe  the  geometry 
and  venting  characteristics  of  the  structure  as  well  as  the  conventional  scaled  distance.  A 
scaling  law  including  these  additional  parameters  was  postulated  by  Baker,  et  al'*  and  is  as 
follows: 


Ps  =fs 
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The  new  parameters  in  this  law  are  a characteristic  length  A'  of  the  .suppressive  structure,  and 
an  effective  vent  area  ratio  o,..  Model  and  protoixpc  structures  are  assumed  to  be  geometrically 
similar  for  exact  scaling,  but  the  characteristic  length  X can  be  thought  of  as  the  square  root 
of  the  wall  area  of  interest  or  the  cube  root  of  the  structure's  internal  volume  I',  for  the  law 
to  apply  in  at  least  an  approximate  toanner.  The  definition  of  av  will  be  discussed  in  the  next 
section  of  the  paper.  Also  inherent  in  t.h;;  law  are  the  .same  assumptions  inherent  in  Hopkinson 
scaling,  i.e..  no  change  in  ambient  conditions,  explosive  ty  pe  or  geometry . Heat  transfer  to  the 
suppressive  structure  is  also  ,iot  considered  in  the  development  of  the  .scaling  law.  The  scaling 
law.  of  course,  does  not  specify  the  actual  functions  .(’5  and  These  will  be  treated  later  in 
tlie  iraper. 


B.  Quasi-static  Pressures 


As  the  blast  waves  from  explosions  w'ithin  .suppressive  structures  refiect  and  re-refiect. 
and  as  the  energy  av.diable  from  the  explosive  source  is  added  to  the  air  within  the  structure, 
long-term  pressures  can  build  i.p  within  the  .structure,  riie.se  pre.ssures  are  termed  “quasi-static 
pressures”  because  they  can  last  long  enough  to  apply  e.ssentially  static  internal  gas  pre.ssure 
loads  to  the  structure.*  .Some  data  existed  for  pre.ssures  within  vented  chambers  prior  to  the 
suppressive  structures  progranr*'' . and  .some  analyses  of  blowdown  pressures  had  also  been 
made  To  compare  such  data  and  also  to  collate  data  being  generated  in  suppressive 

structures  testing.  Baker,  et  al**  conducted  a model  analysis  of  the  explosion  venting  process. 
The  resulting  scaling  law'  has  been  somew’hat  modified  in  Reference  1 2.  and  is: 


i 


I 


•With  l.iijtc  um  .iro.is.  tlu-si'  prov .tires  s.in  ioiKei..ibt\  sent  quiskis  eiougti  ilut  scniii)):  .lines  .ire  sonip.irat)Ie  is>  stnistiir.il 
resjonse  periods  In  this  i.ise.  the  term  “qii.isi-sl.ilu”  is  iiiuppropruie  1‘erliaps  blussoown  or  p.is  pressure"  is.i  more 
.ijipropri.ite  term. 
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Based  on  a theoretical  analysis  of  chamber  venting  by  Owczarek'  ^ the  Svaled  pressure 
P = iPlPo)  is  a ‘■•"iction  of  7 and  a new  scaled  time 


T = At  = 


(4) 


Here,  P if  absolute  pressure  at  any  time  /.  As  is  interna!  surface  area  of  t!»e  structure,  Pi  is 
maximum  (initial)  absolute  quasi-static  pressure,  and  7 is  ratio  of  specific  heat  *br  the  gases 
within  the  structure.  An  alternate  form  of  Equation  (3)  is  then 

P = fi(Pi^T,'Y)  (3a) 

The  initial  pressure  P\  for  structures  with  no  venting  or  small  venting  can  be  shown  to  be 
related  • to  another  scaling  term. 


^1  =JW-:iPoy) 


(5) 


where  /:'  is  a measure  of  total  energy  released  by  the  explosion.  For  tests  with  explosives  of 
the  .same  type  and  no  change  in  ambient  conditions,  a dimensional  equivalent  of  (.S)  is; 


P\  (5a) 

where  W is  charge  weight  (lb)  and  V is  chamber  volume  (ft^) 


III.  VENT  AREA  RATIO 


From  the  model  analysis  used  to  develop  the  functional  expression  for  the  side-on  over- 
pressure outside  the  structure  it  is  obvious  that  the  only  parameter  which  lacks  exact  definition 
tor  a multi-layer,  uniformly  vented  enclosure  is  a<..  For  a single  layer  structure  the  vent  area 
ratio  is  the  vent  area  divided  by  the  total  area  of  the  wall.  For  a multi-layer  wall,  however,  we 
assumed  thaf* 


(6) 


This  relationship  ius  at  the  moment  no  theoretical  proof.  However  it  does  reach  the  appropriate 
limits  fur  large  and  small  number  of  plates,  and  provides  a relative  measure  of  venting  for  a 
variety  of  panel  co>i figurations.  Unfortunately  no  e.Mernal  pressuie  data  currently  exist  for  a 
one-layer  structuie  '•  ith  equ.i!  openings  on  ,-.il  sides  aud  roof.  Consequently,  we  have  established 
as  our  base  line  the  compued  ibi  a sc.  ies  e.f  perforated  plates  using  Equation  6 where  the 
vent  area  ratio  foi  each  layer  is  simply 
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For  olher  wall  elements  such  ul  angles,  louvres,  zees,  and  1-beam.s  used  in  suppressive  'struc- 
tures rhe  me'ining  of  Equation  7 is  less  obvious.  In  obtaining  a reasonable  curve  fit  to  the  data 
the  definition  for  av  for  these  type  of  elements  are  .as  shown  in  Figure  I . For  nested  angles 
which  have  approximately  oi:e  opening  per  projected  lengiii  vsee  Figure  I ) the  data  indicate  that 
they  are  about  twice  as  efficient  as  a perforated  plate  in  breaking  up  the  side-on  peak  pressure 
as  it  vents.  For  closer  nested  angles  such  that  there  are  about  two  openings  per  projected  length 
the  angles  seem  to  be  four  times  as  efficient  as  a comparable  perforated  plate.  However,  angles 
which  are  side  by  side  and  zees  seem  to  be  as  efficient  as  a perforated  plate.  Louvres  seem  to  be 
more  efficient  than  perforated  plates  by  a factor  of  two.  On  the  other  hand,  using  the  open 
areas  as  shown  in  i igure  I . interlocking  I-beams  appear  to  be  onl\  half  as  efficient  as  perforated 
plates  Note  that  for  a uniformly  vented  structure  the  c\c  of  the  structure  is  exactly  equal  that 
of  a wall  since  the  walls  and  roof  all  have  the  .same  vented  area  ratio.  Thus  in  computing  av 
the  area  of  the  floor  is  not  used.  Furthermore  since  we  are  interested  in  comparing  to  free 
field  data  in  which  the  charge  would  still  have  the  floor  as  relleeting  surface  the  area  of  the 
floor  should  not  be  used  in  computing 

The  peak  gas  pressure  is  in  general,  a function  of  tlic  charge  weight,  volume  of  the  container, 
and  the  vent  area.  However,  the  data  in  Reference  8 indicates  that  for  low  vent  area  to  volume 
ratios  the  peak  pressure  does  not  depend  on  this  ratio.  The  duration  does  depend  on  the  vent 
area  nitio  and.  as  in  the  case  of  the  external  pressure,  a definition  of  a,,  is  required.  Prior  to  the 
suppressive  structures  program,  all  the  experimental  data  on  quasi-statii.  pre.ssures  and  durations 
was  from  cubicles  w'ith  a portion  or  all  of  a wall  or  roof  missing.  For  these  cases  the  vent  area 
is  the  area  of  the  opening  and  which  the  definition  of  av  .satisfies  the  sealing  law  is  the  ratio  of 
this  open  area  to  the  total  interior  area  of  the  container.  However,  for  a multi-layer  suppre.ssive 
structure,  a,,  has  to  be  defined.  Because  some  data  are  available  for  the  one-openiiv'  cubicles, 
the  results  from  the  suppressive  structures  can  be  compared  to  them  to  obtain  an  equivalent 
The  duration  of  the  quasi-static  pressure  is  a function  of  the  peak-pressure  which  is  some- 
times difficult  to  interpret  and  the  «<•  will  of  course  vary  accordingly.  However,  if  the  quasi- 
static pressure  from  the  multi-layer  test  structure  is  read  in  a fashion  similar  to  the  data  from 
the  one-opening  cubicles,  a comparison  can  be  ma.le.  As  will  be  shown  later,  (.see  Figure  10), 
the  peak  pressure  was  defined  by  drawing  a smooth  uirvo  through  the  mean  amplitude  of  the 
oscillations  and  extrapolating  bavk  to  about  the  end  of  the  second  rellection  whiclt  is  still  con- 
sidered part  of  the  reflected  pre.ssure  loading.  This  also  accounts  to  a certain  extent  for  the 
small  increment  of  time  that  is  required  for  the  quasi-static  pressure  to  build  up  within  the 
enclosure.  With  this  maximum  pressure,  the  duration  time  as  read  from  the  records  and  the 
volume  of  the  structure,  the  only  other  parameter  required  to  plot  the  uniformly  vented  data 
is  a value  of  o,..  For  the  structures  using  I-beams,  if  one  u.ses  the  .a,,  as  computed  for  the 
external  pressure  data  fits  to  determine  the  effective  vent  area,  the  quasi-static  pressure  data 
compares  reasonabI>  well  with  the  one-opening  cubicle  data,  for  the  atructure  using  perforateu 
plates  alone  and  in  combination  with  anglc.s.  if  the  external  pressure  is  multiplied  by  two 
the  quasi-static  pre.ssure  data  also  compares  well  with  the  one-opening  cubicle  data.  Thus 
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using  this  method  for  computing  durations  can  be  esti.nated  for  multi-layered,  uniformly 
vented  structures. 


IV.  PRESSURES  OUTSIDE  OF  SUPPRESSIVE  STRUCTURES 

From  the  model  analysis  the  functional  e.xpression  for  the  side-on  overpressures  outside 
of  a suppressive  structure  is 


= /5{^/h''  \XIR.a,.) 

As  shown  in  Reference  4.  this  equation  is  assumed  to  have  the  form 

P,  = A{Zy'^'^  (XfRf- 


(2) 


(8) 


Taking  logarithms  of  both  sides  and  making  the  equ.ition  linear,  a least-squares  curse  fit  can 
be  developed  using  the  experimental  data  and  stating  that 
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or  substituting  matri.x  notation 


I /-I  lA'I  = 1/^1. 

A least-squares  fit  results  for  the  A'  matrix  when 

lA’I  = IL'/'AI-'  1/7 1 l/M 
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The  experimental  data  used  to  make  this  curve  fit  base  been  generated  b\  the  Fdgewood 
Arsenal  (FA)"  '''  and  the  Ballistic  Research  Laboratories  (BRL)'  using  a variets  of  imilti- 

l.iyered  vented  structursis.  In  Reference  4 a similar  fit  v .is  made  with  the  limited  data  that  were 
available  at  that  time.  However,  subsequentlv . many  more  measurements  have  been  made, 
end  better  and  more  up-to-date  curve  fits  are  presented  here.  Because  of  the  large  data  base 
noss  asailable.  some  of  the  sMrIy  data  ha*'"  been  eliminated  when  there  w.is  a justifiable  rea 
son.  For  example,  over  half  of  the  early  data  wv.'e  from  a cubic  structure  in  which  one  wall 
W.1S  changed  to  test  different  numbers  of  layers  as  well  as  different  types  of  elements  to 
obtain  a variety  of  a,..  The  other  three  walls  and  the  roof  remained  the  same  throughout 
the  tests.  Measurements  were  then  made  of  the  sule-on  pressure  exiting  through  the  inter 
changeable  wall.  Thus,  the  structure  was  not  uniformly  vented. 

The  structures  tested  by  the  FA  have  consisted  of  panels  of  perforated  plates,  angles, 
zees  and  louvres.  Those  tested  by  the  BRL  were  of  basically  two  ty  pes.  One  ty  pe  had 
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similar  cross-sections  as  the  EA  structures  and  consisted  of  a series  of  perforated  plates  by 
themselves  or  plus  angles.  The  second  type  of  .structure  consisted  of  interlocking  I-beams 
which  had  not  been  tested  before.  Table  1 lists  the  different  types  of  cross-.sections  used 
and  the  equivalent  vent  area  ratio  computed  as  outlined  earlier  in  the  paper.  The  main  pro- 
blem encountered  in  reducing  all  the  data  to  a common  base  was  determining  the  relative 
vent  area  ratios,  especially  for  the  interlocking  beams.  Since  the  structures  tested  by  the 
EA  were  of  similar  cross-section  to  the  0-configurations  tested  by  BRL.  the  data  from  these 
two  sets  of  experiments  were  used  to  make  the  first  curve  fit.  After  .some  trials  to  obtain 
the  relative  a,.\s.  the  data  fitted  very  well,  as  shown  in  Figure  2.  The  e(|uation  of  the  curve 
shown  also  fits  the  test  results  very  well.  The  estimate  of  the  standard  deviation.  S.  for 
the  experimental  data  about  the  line  equals  ±12.7%.  The  equation  can  be  used  to  predict 
the  e.xternal  side-on  overpressure  from  a similar  structure  at  various  distances  or  to  de- 
termine the  a,,  required  to  reduce  to  a given  value  at  a given  distance,  provided  the  range 
of  the  experimental  data  is  not  exceeded. 

The  data  for  the  interlocking  I-beams  were  then  used  to  determine  their  a<.*s  so  that 
a good  curve  fit  to  the  entire  data  base  could  be  made.  Using  the  a,.'s  listed  in  Table  I for 
these  three  configurations,  the  data  points  from  the  I-beam  .structures  were  fitted  by  them- 
selves and  the  results  are  shown  in  Figure  3.  Again,  the  equation  shown  fits  the  data  very 
well  with  .S'  = ±14.2%.  For  compari.son  purposes,  the  BRL  data  from  the  0-configurations 
were  fitted  by  themselves  and  the  results  are  shown  in  I'igure  4.  The  equation  fits  the  data 
very  well  with  an  .S'  of  ± 1 1 Thus,  the  two  sets  of  BRL  data,  as  well  as  the  one  set  ob- 
tained by  the  EA.  correlate  well  within  themselves. 

Finally,  the  total  experimental  data  base  was  curve  fitted  to  obtain  a general  expression 
for/’j.  The  resulting  equation  is  shown  in  Figure  5.  The  resulting  value  of  .S’  was  ±19.‘)':. 
slightly  worse  than  before,  hut  neverthele.ss  rather  good  considering  the  great  variety  of 
cross-sections  involved.  Again,  the  limits  of  the  pi-terms  should  not  be  violated  or  con- 
siderable error  could  result  /ii  predicting  /'j  or  determining  an  a,,  for  a particular  structure. 


Since  one  of  the  primary  purposes  of  a suppressive  structure  is  to  reduce  the  external 
side-on  overpressures,  the  degree  of  reduction  by  a particular  structure  is  determined  by 
comparing  the  .’xternal  pressure  at  a given  distance  from  a charge  to  what  it  would  have 
been  without  the  stjucture.  i.e..  the  free-tleld  pressure.  Consequently,  free-tleld  pre.ssure 
data,  al.so  generated  by  the  and  the  BRI/.  have  been  curve-fitted  in  a similar 

fashion  to  the  structure  external  pressure  du'-a  to  provide  a free-field  comparison  curve. 

From  the  scaling  laws,  the  free-field  overpressure  is  proportional  to  the  scaled  distance. 

Z = /^/h''  However,  because  one  portion  of  the  data  is  fro.ii  experiments  where  the 
charge  was  placed  over  earth  while  the  other  portion  is  from  experiments  over  a concrete 
pad.  the  difference  in  the  quality  of  the  reflecting  surface  prevents  direct  comparison  of 
both  sets  of  data.  Because  all  of  the  suppre.ssixe  structures  tested  to  date  have  a concrete 
floor  (or  equally  good  rellective  surface),  the  earth  data  vere  adjusted  by  multiply  ing  the 
charge  weight  used  by  an  empirical  factor  of  O.o2  which  made  the  data  fit  the  best.  Within 
the  specific  limits  of  Z shown  in  Figure  b.  the  free-field  data  Ilf  very  well  about  the  equation 
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TAaLK  I.  lin-KCTIVK  Vl-NT  / Rl;  A RA  I lOS  TOR 
VARIOUS  STUUn  URHS  Tl-STHD 


Structure 

Cross-Seciicn  Elements 

Ctf 

81  mm.  Ref.  23 

Zees,  Perforated  Plates, 
and  Louvres. 

0.025 

T-1,  Ref.  5 

Interlocking  I-beams 

0.130 

T-3.  Ref.  5 

Interlocking  I-beams 

0.090 

T-5,  Ref.  5 

interlocking  I-beams 

0.047 

0-1 , Ref.  5 

Nested  Angles  and  Per- 
forated Plates 

0.010 

0-2,  Ref.  5 

Nested  Angle  and  Per- 
forated Plates 

0.011 

0-3.  Ref.  5 

Perforated  Plates 

0.012 

04,  Ref.  5 

Perforated  Plates 

0.023 

Cat.  V.  Ref.  6 

Side-by-.5idc  Angles 
and  Perforated  Plates 

0.017 
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shown  with  ;m  S of  ±!  0.7%.  This  curve  then  provides  the  free-tleld  peak  pressures  at  various 
values  of  Z for  estimating  the  reduction  caused  by  a suppressive  structure. 

From  the  experiments  conducted  by  BRL* . side-on  impulse  was  also  obtained  by  integrating 
the  pre.ssure-time  histoiios.  The  maximum  impulses  measured  divided  by  the  cube  root  of  the 
explosive  charge  weight  (staled  impulse)  are  reported.  The  scaling  law  for  the  external  scaled 
impulse  from  a suppre.ssive  structure  stated  earlier  in  the  paper  is 

(■,^)  =/6  (2) 

Using  a similar  method  as  for  the  peak  pressures,  the  scaled  impulse  was  curve  fitted  to  obtain 
a prediction  equation.  Again,  the  only  parameter  which  lacks  an  explicit  definition  is  a,. 

Using  the  vent  area  ratios  derived  for  the  peak  pressure  data  fit  as  the  starting  point,  a least- 
square  fit  was  attempted.  The  majority  of  the  data  fitted  well  except  for  the  data  from  the 
two  structures  which  had  nested  angles.  In  these  two  cases  the  angles  appeared  to  have 
attenuated  the  impulse  more  than  the  peak  pressure  compared  to  tlie  perforated  plate  struc- 
tures. If  the  angles  were  assumed  to  be  twice  as  effective  in  reducing  the  impulse  as  was  com- 
puted for  the  peak  pressure  case,  the  impulse  data  fitted  very  well.  Thus,  using  the  newly 
computed  a^’s  of  0.008  and  0.010  for  the  0-1  and  0-2  configurations,  respectively,  the  data 
from  the  perforated  plate  cross-section  with  and  without  angles  provide  an  excellent  fit  as 
shown  in  Figure  7.  The  impulse  data  from  the  I-beam  structures  fitted  even  better  about  the 
equation  shown  in  Figure  8 with  an  6’  of  ±6.5%.  Both  sets  of  data  were  then  used  together  to 
derive  the  equation  shown  in  Figure  9.  This  last  equation  fits  the  data  slightly  worse  than  the 
two  individual  .sets  provide.  However,  it  is  as  a good  fit  as  was  achieved  previously  with  the 
corresponding  peak  side-on  pressure  data. 


V.  PRESSURES  INSIDE  SUPPRESSIVE  STRUCTURES 

When  an  explosion  occurs  within  a suppressive  structure,  the  blast  wave  reflects  from  the 
inner  surfaces  of  the  structure,  implodes  toward  the  center,  and  re-refiects  one  or  more  times. 
The  amplitude  of  the  re-retlected  waves  usually  decays  with  each  retlection.  and  eventually 
the  pressure  settles  to  a slowly  decaying  level,  which  is  a function  of  the  volume  and  vent 
area  of  the  s.  "ucture  and  the  nature  and  energy  release  of  the  explosion.  A typical  time  historv' 
of  pre.ssure'“  at  the  wall  of  a suppressive  structure  is  shown  in  Figure  10.  The  process  of 
reflection  and  pressure  buildup  in  either  unvented  or  poorly  vented  structures  has  been  recog- 
nized for  some  time,  dating  from  World  War  II  re.search  on  effects  of  bombs  and  explosives 
detonated  within  enclosures.^”  More  recently,  study  of  these  pressures  has  revived  because 
of  interest  in  design  of  vented  explosion  chambers,  and  we  will  discuss  here  the  recent  work. 

A.  Reflected  Pressures 

The  initial  shock  impinging  on  the  inner  suruces  of  suppressive  structures  applies  an  in- 
tense loading  of  short  duration  to  these  surfaces.  This  loading  is  complicated  by  the  geometry 
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of  the  surface,  i.e..  the  innemiost  layer  of  the  wall,  and  by  the  overall  geometry  of  the  structure. 
If  the  wall  inner  surfaces  consist'  of  relatively  Hat  surfaces  such  as  perforated  plates  or  fianges 
of  nested  I-beams,  the  initial  blast  wave  will  redect  more  or  less  normally  from  such  surfaces. 
The  reflected  pressures  and  in>puises  can  then  be  estimated  with  reasonable  accuracy  from 
tests  of  blast  waves  normally  reflected  from  rigid,  plane  surfaces,^  * ‘ * or  from  sources  of 

compiled  data  based  on  such  tests.*  ^ But.  if  the  inner  surfaces  of  the  supprc-ssive  structure 
consist  of  geometries  such  as  closely  m.sted  .n’s '■  Tons,  the  initial  reflection  process  is  much 
more  complex,  and  measurement  or  prediction  of  the  initial  shock  lo„.ding  on  such  surfaces  is 
quite  difficult.  An  upper  limit  to  the  load,  gon  each  angle  iron  tan  pi '■’laps  be  i-diinuted  by 
applying  nonnally  reflected  pre.ssures  and  imi>i.lses  to  the  areas  not  shielded  by  adjacent  angles. 
Curves  of  scaled  reflected  pressure  Pr  *ind  impulse  /,  are  included  here  as  Figure  1 1 for  pre- 
diction of  the  initial  shock  loading.  These  curves  arc  fitted  to  data  for  bare  ?entolite  spheres 
from  References  1 , 2,  21  and  22.  To  date,  there  are  insufficient  data  on  reflected  p)t.'.sure 
loads  on  actual  suppre.ssive  structures  to  improve  on  curves  such  as  tliese  figures,  although 
references  such  as  Roger  and  McKown*  do  give  a few  data  points. 

The  initial  and  later  reflected  shock  loads  on  the  walls  of  suppressive  struct  r s are 
complicated  not  only  by  the  character  of  their  surfaces,  but  also  by  the  overall  strii*  ‘ural 
geometry.  Only  for  spherical  chambers  is  the  reflection  process  regular  and  easily  picdictable. 
But,  rectangular  box  or  cylindrical  geometries  are  more  practical  shapes  and  are  more  adapt- 
able to  the  vented  panel  designs  common  in  suppressive  structures.  Complex  reu  vtions  and 
reinforcements  can  occur  in  corners  of  such  structures,  and  the  implosion  process  after 
shock  reflection  is  complex  and  irregular.  Fortunately  for  one’s  ability  to  predict  these 
loads,  the  latter  shocks  seem  from  data  such  as  that  in  Reference  19  to  be  greatly  attenuated 
compared  to  the  first  shock,  so  that  ignoring  reflected  waves,  or  ‘’smoothing"  througli  the 
pres.nire-time  traces,  usually  provides  an  acceptable  approximate  pressure  loading. 

B.  Quasi-static  Pressures 

Prior  to  the  suppre.ssive  structures  program,  several  experimental  studies  were  conducted 
to  measure  the  maximum  pressures  and  venting  times  for  certain  vented  chambers.  Weibull"  ’ 
reports  maximum  pressures  for  vented  chambers  of  various  shapes  having  single  vents  with  a 
range  of  vent  areas  of  (/1/fl^  ’)  < 0.02 1 5.  These  maximum  quasi-static  pressures  are  shown 
by  Weibull  to  be  independent  of  the  vent  area  latio,  and  to  be  a function  of  charge-to-volume 
ratio  (Ifl/F)  up  to  0.3 12  lb/ft  \ lie  fitted  a single  straight  line  to  his  data,  but  Proctor  and 
Filler”'  later  showed  that  fitting  a curve  to  the  data,  with  asymptotes  to  lines  related  to  heat 
of  combustion  for  small  (H'/n  and  to  heat  of  explosion  with  no  aftei  burning  for  large  (IP, ' I”). 
Was  more  appropriate.  Additional  data  on  maximum  quasi-static  pre.ssures  and  on  venting 
times  have  been  obtained  by  Keenan  and  Tancrelo.”  and  by  Zilliacus,  et  al.'’  Pata  from 
Reference  8 were  used  in  Reference  4 to  give  predictions  of  maximum  quasi-static  pressures 
Px  versus  ( ll'/n.  and  a scaled  duration  of  this  pre.ssure  versus  scaled  vent  area  ratio  for  initial 
design  of  suppressive  structu.  ,s.  Concurrent  with  experimental  work  which  preceded  appli- 
cations to  suppressive  structures.  Proctor  and  Filler”’  developed  a theory  for  predicting  time 
histories  of  quasi-static  pressures  in  vented  structures.  Kinney  and  Sewell' ' did  likewise,  and 
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also  obtained  an  approximate  formula  for  this  time  history.  Converted  to  the  scaled  para- 
meters discussed  earlier,  this  equation  is: 

/ft  P = /n?,  -2.1307  (11) 

This  equation  gives  a value  for  scaled  venting  time  r of 

Tn,ax  =0.4695 P,  (12) 

The  problem  of  blowdown  from  a vented  chamber  is  also  solved  theoretically  by  Owczarek,'  * • ' ' 
given  initial  conditions  in  the  chamber  but  assuming  isentropic  expansion  through  the  vent  area. 


A few  measurements  were  made  of  peak  quasi-static  pressures  early  in  the  suppressive 
structures  program'  ^ but  only  recently  have  sufficient  additional  data  been  recorded  for  this 
class  of  structure  to  add  significantly  to  the  measurements  for  other  types  of  vented  or  unvented 
chambers.  Reference  19  contains  most  of  the  .suppressive  structures  venting  date  to  date, 
supplemented  by  several  measurements  reported  in  Reference  6.  In  comparing  such  data  with 
either  previous  data  or  theory,  there  are  several  questions  raised  by  the  general  physics  of  the 
process  and  by  the  differences  in  venting  througli  single  openings  in  walls.  Refering  to  Figure 
10.  one  can  see  that  the  maximum  quasi-static  pressure  is  quite  difficult  to  define  because  it 
is  obscured  by  the  initial  shock  and  first  few  rellected  shocks.  Obviously,  several  reflections 
must  occur  before  irreversible  processes  attenuate  the  shocks  and  convert  their  energy  (o 
quasi-static  pressure.  It  therefore  seems  inappropriate  to  call  point  A in  Figure  10  the  peak 
quasi-static  pressure,  althougli  this  is  the  point  used  in  Reference  19  to  compare  with  eode 
predictions  from  Proctor"'  and  the  Sewell  and  Kinney  equation  IFquation  (II)].  We  have 
chosen  to  allow  some  time  for  establishing  the  maximum  pressure,  such  as  point  B in  Figure 
10.  For  the  records  in  Reference  19.  this  time  was  chosen  to  be  1 ms.  which  allowed  at 
least  two  shock  reflections.  Roger  and  McKowif*  employed  a somewhat  <iinilar  method  to 
estimate  peak  quasi-static  pressure. 


Figure  10  also  illustrates  another  problem  inherent  in  reduetion  of  vented  -iressure  data, 
i.e..  accurate  determination  of  duration  of  this  pre.ssure.  When  the  pressure  traces  approach 
ambient,  the  shock  retlcctions  have  largely  decayed.  But.  they  approach  the  baseline  nearly 
asymptotically,  .so  that  the  duration  is  quite  difficult  to  detennine  accurately.  A possible 
duration  /ma.\  >s  shown  in  the  figure. 


As  has  been  pointed  out  previously  the  definition  of  a;,  for  suppressive  structures  is  not 
well  defined.  A possible  definition  of  an  has  been  given  earlier,  but  the  specific  value  of 
this  quantity  for  a given  structure  is  not  nece.ssarily  the  same  for  venting  and  ft  external 
blast  because  the  physical  processes  occur  on  much  different  time  scales.  Kingery.  et  al.'  ^ 
estimate  a,,  for  blowdown  by  curve-fitting  to  calculations  using  Proctor’s  computer  program.’’ 
An  example  of  their  estimating  is  shown  in  Figure  1 2.  indicating  an  ot^  of  0.067  for  this 
particular  test  and  configuration.  We  found,  however,  that  values  of  a,,  which  were  adjusted 
to  give  good  correlation  with  attenuation  of  blast  pressures  outside  the  structure  also  seemed 
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l-OR  PROC'IOR'S  PROGRAM 


to  give  reasonable  correlations  of  data  from  Reference  19  with  scaled  venting  times  for 
curves  from  Reference  4. 

For  use  in  predicting  maximum  quasi-static  pressures  and  venting  times,  we  present  two 
graphs.  The  first,  Figure  13,  is  identical  to  the  curve-fit  of  P^ax  versus  (H'/F)  originally  made 
in  Reference  4.  Additional  data  points  from  References  6 and  19  have  been  added,  but  these 
are  close  enough  to  the  original  curve  that  no  change  seems  warranted.  The  second  plot  in 
Figure  14  shows  data  from  four  references  for  scaled  durations  of  vented  pressures  Tmax  versus 
scaled  absolute  maximum  pressure  . This  form  of  scaled  presentation  is  dimensionless  and 
replaces  the  earlier  dimensional  one  of  Reference  4.  It  also  allows  predictions  from  theory  to 
be  compared  with  data.  Sewell  and  Kinney’s  Equation  (1 2)  is  plotted  in  this  figure,  as  is  a 
theoretical  curve  developed  from  Owczarek  in  Reference  12*.  Data  scatter  is  great  enou^i 
that  curve-fitting  is  difficult.  But,  Sewell  and  Kinney’s  equation  seems  to  fit  much  better 
than  the  more  sophisticated  theory  of  Owczarek.  We  suggest  using  Equations  (11)  and  ( 1 2) 
until  more  data  become  available.  Note  that  the  scatter  in  the  data  results  at  least  partly  from 
the  fact  that  two  measured  quantities,  maximum  pressure  and  duration  time,  are  plotted 
against  each  other,  and  thus  the  measurement  errors  are  amplified. 

C.  Intrapanel  Pressures 

To  properly  design  a suppressive  structure  to  survive  the  blast  loading,  it  has  been  nec- 
essary to  estimate  the  loads  due  to  gas  pressure  on  the  structural  components  of  each  layer 
of  the  walls.  The  flow  makes  a series  of  turns  through  varying  areas  and  volumes  to  reach 
the  lower  pressure  environment  of  the  atmosphere.  The  pressure  in  these  various  compart- 
ments differs  from  the  peak  quasi-static  pressure  that  is  established  in  the  initial  compart- 
ment after  the  blast.  Since  no  data  presently  exists  for  these  intrapanel  pressures,  an  analysis 
of  the  flow  through  the  series  of  compartments  has  been  conducted  to  estimate  the  pressure- 
time history  in  each  compartment.  Venting  of  a gas  in  a container  through  an  opening  has 
been  investigated  by  other  researchers.'  ' Kinney  and  Sewell' ' considered  a confined 
volume  of  air  that  has  be<  n pressurized  due  tc  an  internal  explosion.  Tlie  gas  obeys  the 
ideal  equation  of  state  from  which  the  pressure  rate  is  determined  as 

P = mMV)rn  + {PIT)  f (13) 

where  P is  the  absolute  pressure,  m the  mass  of  gas  retained  in  volume  V,  R the  molar  gas 
constant,  M the  formula  mass.  T the  absolute  temperature.  The  mass  flow  rate  is  given  by: 

m=Apu  (14) 

where  p is  the  gas  density,  A is  the  cross-sectional  vent  area  and  u is  the  velocity  of  the 
escaping  gas. 


’Predictions  of  time  histories  of  vented  pressures  arc  alst)  piven  in  Reference  1 2. 
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The  maximum  attainable  flow  rate  fora  given  upstream  pressure  is: 

in  = CdAPKRT/M)^'^  [(2yly  + 1)*'^  (2ly  + 1)<’/t'  (15) 

where  y is  the  ratio  of  specific  heats  and  is  the  discharge  coefficient  of  the  vent  area. 

« 

The  temperature  rate  T which  is  due  to  the  energy  carried  away  by  the  vented  stream 
and  the  heat  transfer  between  the  gas  and  the  wails  is  given  by: 

f=T(y-\)  mfm  + [T(y- \)IPV\i  (1 6) 

where  q is  the  heat  fl«jw  rate.  In  cases  where  the  venting  rate  is  very  great,  the  heat  transfer 
term  can  L ' neglected.  These  equations  can  be  solved  to  give  the  pressure  rate  using  a numer- 
ical procedure  which  Kinney  and  Sewell' ' outline  in  their  report.  The  seemingly  limiting 
assumption  of  this  analysis  is  that  the  pressure  rate  can  only  be  calculated  down  to  the  min- 
imum overpressure  required  to  give  the  maximum  or  sonic  fiow.  Loads  of  importance  may 
or  may  not  occur  below  this  pre.ssure.  Kinney  and  Sewell' ' have  pointed  out.  however, 
that  this  analysis  may  be  suitable  below  this  minimum  pressure  due  to  experimental  uncer- 
tainty at  low  overpre.ssures  and  to  the  relatively  small  overpressures  existing  below  this 
minimum. 

The  procedure  for  determining  the  pre.ssure-time  history  of  a single  compartment  with 
sonic  flow  as  presented  by  Kinney  and  Sewell' ' was  genetally  followed  to  develop  a com- 
puter code  (POOFl ).  POOFl  will  compute  the  pre.ssure  time  history  of  a multi-compartment 
system  with  sonic  or  subsonic  fiow. 

Consider  the  following  system  (Figure  15)  with  given  initial  conditions,  where  volume 
I'l  is  inside  the  suppressive  structure  and  the  remaining  volumes  represent  the  space  between 
the  walls. 


I'lGURIv  15.  SCH1;MATI('I-0R  VENTING  CALCULATIONS 


Assume  that  an  explosion  occurs  in  K,  and  heats  the  air  in  (his  volume  causing  quasi- 
static pre.ssure  rise.  Also  assume  that  the  initial  shock  wave  has  blown  through  and  that 
sonic  flow  exists  through  area  A , . The  mass  flow  rate  out  of  the  initial  compartment  can 
be  calculated  from  Equation  (15).  Assuming  that  q is  negligible,  the  temperature  rate  and 
pre.ssure  rate  can  be  determined  from  Equations  ( 1 6)  and  (13),  respectively. 
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The  pressure  P„  in  the  downstream  compartments  is  dependent  upon  the  change  in  the 
mass  in  the  compartment  due  to  the  mass  flow  in  m„  _ i and  the  mass  flow  out  m,] . This  can 
be  calculated  using  the  equation  of  state  coupled  with  a mass  balance  of  the  system, 


P„  =RT„(Am„  +m„)IV 

(17) 

Am„  =(mn  - 1 

(18) 

where  m„  _ i is  known  from  the  initial  calculation.  m„  is  dependent  upon  P„ , making  it 
necessary  to  solve  Equations  (17)  and  ( 1 8)  simultaneously  for  P„  after  substitution  of 
Equation  ( 1 5)  into  Equation  (18).  The  temperature  change  and  resulting  temperature  for 
selected  time  increment  in  the  n>h  compartment  can  be  calculated  from  the  initial  temperature 
and  Equation  ( 1 6)  using  iit,,  _ i . With  P„  and  T„ . m„  can  be  calculated.  This  procedure  is 
used  for  all  compartments  downstream  of  the  initial  compartment.  'After  a complete  pass 
is  made  through  the  system  of  compartments,  the  pressure  in  the  initial  compartment  at  the 
next  time  increment  is  determined  from  the  pressure  rate.  The  procedure  is  then  repeater 
until  the  quasi-static  pressme  goes  to  zero. 

The  input  parameters  required  for  POOFl  are  the  initial  values  of  vent  area,  discharge 
coefficient,  mass,  volume,  pressure,  temperature,  atmospheric  pressure,  specific  heat  ratio, 
gas  constant  and  time  increment  for  each  compartment.  The  output  of  POOFl  lists  the 
pressure  as  a function  of  time  and  also  plots  these  results. 

Predictions  of  pressure  versus  time  using  POOFl  have  been  compared  to  experimental 
data  and  to  results  using  Proctor’s  code  and  to  the  equation  developed  by  Kinney  and 
Sewell.' ' Generally,  the  total  time  for  the  overpressure  to  equal  zero  is  10-20%  larger  for 
the  POOFl  predictions  than  for  the  other  predictions.  The  difference  is  less  when  POOFl 
is  programmed  to  assume  sonic  flow  exists  througliout  the  venting  process. 


VI.  DISCUSSION 


Development  programs  are  being  supported  by  the  U.S.  Army’s  plant  modernization 
program  for  the  design  and  application  of  uniformly  vented  suppressive  structures.  These 
structures  should  provide  better  protection  of  personnel  and  facilities  while  reducing  the 
safety  distances  from  potential  explosive  hazards.  In  this  paper  we  have  presented  scaling 
laws  which  apply  to  the  blast  waves  that  emanate  from  supp;essive  structures  as  well  as  to 
quasi-static  pressure  rise  and  decay  from  a detonation  in  a confined  volume.  Using  external 
blast  pressure  data  recently  acquired  we  have  updated  earlier  curve-fits  for  predicting  peak 
side-on  pressures  from  suppressive  structures  and  free-field  detonations.  In  the  process  we 
have  empirically  defined  a method  for  computing  relative  vent  areas  for  multi-layered, 
uniformly  vented  structures  so  that  predictions  of  external  pressures  and  the  degree  of 
reduction  of  these  pressures  can  be  made  for  a variety  of  wall  configurations.  Using  ex- 
perimental data  from  one-opening  cubicles  and  suppre.ssive  structures  a similar  method  for 
estimating  effective  vent  areas  is  given  which  correlate  with  quasi-static  pressure  decay  times. 
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Along  with  external  side-on  pressure  predictive  equations  for  specific  structures  and  all 
types  of  suppressive  structures  for  which  data  is  available,  predictive  equations  for  side-on 
impulse  have  also  been  generated.  Reflected  pressure  loading  of  the  suppressive  structures  is 
discussed  briefly  and  a summary  graph  is  given  for  estimating  the  normally  reflected  peak 
pressures  and  impulses  as  a function  of  the  scaled  distance.  For  the  quasi-static  pressure  load 
(which  follows  the  reflected  impulsive  load  when  a detonation  occurs  in  a relatively  closed 
volume)  graphs  are  also  presented  for  estimating  the  maximum  quasi-static  pressure  and 
venting  times.  Finally,  the  development  of  a computer  code  to  estimate  the  intrapanel 
pressures  caused  by  the  internal  quasi-static  pressure  is  presented. 

From  the  work  reported  in  this  paper,  it  is  apparent  that  suppressive  stnictures  can  be 
designed  to  significantly  attenuate  overpressures  and  impulses  in  blast  waves  which  emanate 
from  them,  compared  to  explosions  occuring  in  the  open  or  in  frangible  structures.  Specific 
applications  for  these  structures  can  have  quite  different  requirements  f jr  blast  attenuation 
depending  on  factors  such  as  the  magnitude  of  the  potential  explosive  hazard,  proximity  to 
adjacent  structures  or  operations  or  whether  personnel  are  normally  allowed  near  the  building 
or  operation.  For  each  application,  allowable  blast  overpressures,  or  impulses,  or  both,  can 
undoubtedly  be  established  versus  distance  or  at  .specific  distances  from  the  suppressive  struc- 
ture. As  an  example,  the  Category  1 structure  discussed  in  some  detail  in  References  4 and  24 
was  designed  to  attenuate  the  blast  overpressure  from  2500  lb  of  Comp  B exploding  in  a melt 
kettle,  to  SQf7(  or  less  of  the  free-field  overpressure  at  the  intraline  distance  for  this  quantity 
of  explosive.  This  requirement  then  dictated  the  blast  attenuation  by  the  suppressive  structure, 
and  hence  dictated  much  of  the  detail  of  the  vent  panel  designs.  Curves  given  in  this  paper 
would  easily  allow  a choice  of  a different  blast  attenuation,  for  a number  of  vent  panel  con- 
figurations. For  applications  where  the  blast  hazard  is  le.ss  severe,  the  required  attenuation  can 
perhaps  be  less  and  more  “open”  panel  designs  will  result.  This  in  turn  will  affect  blowdown 
pre.ssurcs  and  the  structural  design  of  the  .suppressive  structure.  The  designer  should,  of 
course,  realize  that  blast  attenuation  is  only  one  aspect  of  suppressive  structure  design,  with 
containment  of  fragments  or  attenuation  of  fireballs  or  firebrands  often  being  equally  im- 
portant or  overriding  factors  which  must  be  considered. 

This  paper  is  in  some  respects  a progress  report  on  blast  pressure  studies  in  the  suppre.ssive 
structures  program.  Considerable  related  work  is  presently  underway,  with  Edgewood  Arsenal 
sponsorship.  More  test  data  are  being  obtained  or  evaluated  for  internal  reflected  pressures, 
blowdown  pressures,  and  bla.st  waves  emanating  from  model  or  full-scale  structures  of  several 
different  configurations  and  panel  designs.  Tlie  experiments  are  being  supported  by  or  com- 
pared to  predictions  using  gas  dynamic  or  blast  physics  analyses  or  computer  codes.  Because 
of  this  ongoing  work,  some  of  the  prediction  curves  or  equations  presented  here  may  be  some- 
what modified,  and  will  undoubtedly  be  supplemented  by  additional  predictions  for  intra- 
panel pre.ssures  and  other  parameters  which  are  at  present  ill  defined. 
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